The inevitable expansion of industries for development is at the cost of release of industrial pollutants into the natural reservoirs of the environment. Biosorption is becoming an important component in the integrated approach to the treatment of aqueous effluents. The adsorption properties of Gallus Domesticus are determined as a function of batch operating conditions including contact time, solution initial concentration and temperature. Metal ion fixed Fourier transform infrared spectroscopy spectrum depicted amine, alcohol, carboxyl, and carbonate ion as active sites for metal sorption. Augmentation of removal capacity to 5 and 17% is tailored by esterification and acetylation of different surface functional groups of the base matrix. Kinetics is dissected through diffusion-based kinetic models, and best fit was figured out for Elovich equation. The thermodynamic relationship draws that enthalpy (ΔH W 45.48 KJ/mol) and entropy (ΔS W 153.32 J/mol K) are positive and entropy of the system is much larger than enthalpy. Results propose alteration of domestic waste into economical adsorbent for commercialization with no processing in the efficient removal of cadmium from wastewater.
INTRODUCTION
The technological usefulness and attributes of heavy metals made their entry in several industrial applications, such as metal plating facilities, mining operations and tanneries.
Despite the usefulness of metals and their compounds in industrial products, the aqueous discharges from these industries is a cause of toxic metal contamination of surface, sea and groundwater resources, from where these enter the food chain of humans and other forms of life (Yang & Rose ) . Cadmium releases need to be reduced at national, regional and global levels due to its toxic effects on the kidney, the skeletal system and the respiratory system. It is classified as a human carcinogen thus measures are considered necessary to reduce occupational and environmental exposure to it (WHO -).
Biosorption technology has gained important credibility because of its eco-friendly nature, excellent performance, and cost-effectiveness. New and inexpensive adsorbents that possess a variable biosorption capacity for adsorbing cadmium are developing, like coconut shell with 285.7 mg/g capacity (Gabriela et al. ) , banana peel with 20.88 mg/g capacity (Wanna & Pairat ) and papaya wood with 17.22 mg/g capacity (Asma et al.
).
Chicken egg is a very common food article utilized immensely in daily nutrition and considered an inexpensive and abundant waste material that become a serious problem for egg processing industries due to stricter environmental regulations and high landfill costs (Bailey et al. ) . In the present study, we offer EXPERIMENTAL Preparation and characterization of biosorbent Egg shells of hens, collected from a local market were prepared for sorption studies by washing with distilled water to remove the surface dirt. The sample was ground and oven dried at 50 W C for 24 hours, followed by sieving through US standard testing to obtain 250-600 μm particle size range of ground sorbent. Surface morphology of untreated and metal treated sorbents was studied through scanning electron microscopy equipped with energy-dispersive X-ray spectroscopy (SEM-EDX) and Fourier transform infrared spectroscopy (FTIR) spectrums. Boehm's titration procedure was employed for determination of active sites on raw as well as modified sorbent surfaces (Boehm ) .
Batch sorption protocol
Biosorption protocol was similar to that described else- 
where Ci and C t (mg/L) are metal ions concentration at initial and at time (t), respectively until equilibrium attainment.
Chemical modification of sorbent surface
The sorbent surface was tailored by adopting procedures 
Esterification with methanol
A known mass of biosorbent was suspended in 633 mL of 99.9% pure methanol and 5.4 mL of concentrated hydrochloric acid to maintain a final acidic concentration of 0.1 mol/L HCl. The mixture was continuously agitated for 48 hours at 60 W C.
Acetylation with acetic anhydride
Acetylation of amino and hydroxyl groups of the biosorbent was carried out by soaking sorbents in 50 mL glacial acetic acid which were then agitated at 100 rpm for 1 h, separated by decanting and soaked in acetic anhydride containing 2 drops of concentrated H 2 SO 4 for 2 min.
Chemically treated sorbent was drained to separate the solution and the reaction was quenched in deionized water till constant pH was achieved. The biomass was filtered, dried in an oven at 50 W C for 24 hours and stored in a desiccator until further analysis.
RESULTS AND DISCUSSION

Determination of surface morphology
Active sites on pristine adsorbent
The chemical structure of the raw biomass is of fundamental importance in understanding the adsorption mechanism. To categorize the amphoteric character and characteristic functional groups on the sorbent surface, Boehm's () titration method was executed. Active site analysis (Table 1) reflected the basic nature of egg shells, total acidic functional groups are 0.25 meq/g and the basic sites are 2.61 meq/g. This result is also supported by EDX analysis showing 48% calcium content contributing to basicity in GDS (see Table 2 ). Occurrence of active sites in the functional group follows the sequence as carboxylic> phenolic> lactonic.
The FTIR spectrum of native GDS shows the strong broad band at 3,404 cm À1 can be attributed to the O-H of alcohol hydrogen bonded as well as to stretching vibrations of adsorbed water molecules (Ma et al. ). The pointed peak at 2,962 cm À1 can be assigned to -CH 2 asymmetric stretching vibrations. The transmittance in the 1,050-1,300 cm À1 region reflects the C-O group in lactones (Davila et al. ), and at 1,261 cm À1 the carboxylic group. Asymmetric stretch of CO 3 À2 ions is found at 1,429 cm À1 (Atef & Waleed ). In addition, the narrow band at 873 cm À1 is due to the (P-O-C) aromatic phosphate stretch as reported by Clark (). Figure 1 shows peaks suppression of metal sorbed egg shells at certain wave numbers; critically demarcating simpler spectra in terms of fewer bands than native biomass.
Spectra reveal the shift of C-H peak from 2,962 to 2,980 cm À1 accompanied with an increase in absorption.
Moreover peak appearance is changed from sharp to diffuse.
The metal ion fixed spectrum depicts similar containment of stretching bands for C-N (amine) at 1,022 cm À1 , C-O at 1,095 cm À1 (alcoholic), carboxylic at 1,261 cm À1 , and carbonate ion at 1,429 cm À1 , proposing them active sites for metal sorption. Appraisal of spectra proposes O-H, C-O and CO 3 À2 as active binding sites for sorption on egg shell, based on a decreased percent transmittance for these groups. 
Microstructure analysis
The morphological details of egg shells are displayed in SEM micrographs of magnifications 100 × and 5000 × .
Rough surface and irregularly shaped particles dispersed in the matrix of powdered egg shells are noted at 100 × magnification ( Figure 2 ).
However, at amplification of 2000 × additional structural porosity becomes evident, and linear grooves and projections are noticed on the egg shell surface. The roughness of the surface develops the feasibility for metal sorption; the more porous the surface is, the greater the diffusion and thus support for efficient removal of metals. SEM is also recorded for the adsorbent materials after loading with metals. Protuberances of the egg shell surface become less obvious and a thin layer appears that may be due to deposition of metal ions.
Surface tailored biomass
Accessibility of available functional groups of sorbent as sorption sites for sorbate is influenced by conformational geometry and steric hindrance. Therefore chemical modification was attempted to spell out the active binding sites of GDS. The spectrum of methanol esterified GDS (MB esterified ) reveals depression of transmitted peaks specific to surface carboxyl groups (Figure 3) . The decreased transmission at 1,653 cm À1 could be due to oxidation of the increased Cd removal. The present binding mechanism assumes oxygen of lactonic moiety as the root cause for preferred removal (see Figure 4 ). This modification is associated with a decline in basic as well as total acidic sites (see Table 1 ). MB acetylated again presents C ¼ O as active binding sites in cadmium sorption, based on its higher removal (17%) than native GDS ( Figure 4) . with an increase in temperature (25 W C-55 W C).
Thermodynamic parameters of free energy, enthalpy and entropy are envisaged from values of Van't Hoff plot ( Figure 7) for sorption of cadmium on hen egg shells. The distribution coefficient for the adsorption process is as follows:
where C ae and C e are the concentration of metal adsorbed and in solution phase at equilibrium, respectively. The clas- The Gibbs free energy change also relates the entropy change and heat of adsorption at constant temperature according to the following equation:
Combination of Equations (3) and (4) produces Equation (5): temperature. This may be explained on the basis that for a solid liquid system, adsorption is a combination of desorption of the adsorbed solvent (water) molecules followed by adsorption of the sorbate species. As a matter of fact, metal ions need to dislocate more than one water molecule from the solid surface for their own fixation, leading to an endothermic process. Following the same justification, adsorption of cadmium onto egg shell is found to be endothermic in nature (ΔH W ¼ 45.48 KJ/mol).
The positive entropy (153.32 J/mol K) suggests an increased degree of freedom of metal ions and ion replacement reactions on the surface at elevated temperature.
During the sorbing stage, increased randomness can be assumed due to release of some of the water molecules (Ilkay ) . Similar results are also demonstrated in another study by Vimal et al. () for Cd sorption onto bagasse fly ash and rice husk ash.
The thermodynamic relationship draws that ΔH W and ΔS W are positive and entropy of the system is much larger than enthalpy.
Diffusion based kinetic models
The sorption could be led by diffusion processes or by one or more reaction kinetics, the consequence is complexation of sorbate onto the binding sites on the adsorbent surface. The transport mechanism from aqueous media onto the solid support is figured out through diffusion based models.
Kinetic model parameters and correlation coefficients are listed in Table 3 .
Thin film diffusion
During the sorption process the boundary plays a momentous role for the transport of sorbate from liquid to solid phase. The linear equation formulated by Sparks () is employed to look at the film diffusion mass transfer, which is generally expressed as
The plot of ln (C i -C t ) versus time (t) gives a linear relationship, lnD and k 0 can be determined from the intercept and slope of the plots, respectively. A straight line plot indicates that the system acts in accordance with the equation. A rate limiting step could be film diffusion if the diffusion barrier limits the penetration of metal ions towards the uncovered surface area of the sorbent.
Intra particle diffusion (IPD) model
The prospect of pore diffusion contributing towards the adsorption of metal ions is investigated by the IPD model proposed by Weber & Morris () . The assumption for construction of the IPD is that solute uptake varies almost proportionally with t 0.5 rather than with contact time t (Alkan et al. ). The initial rate through the linearized equation is
where k ip is the rate constant (mg/g/min 0.5 ) and C is the boundary layer thickness (mg/g). The larger the value of C, the greater the effect of the boundary layer (Kannan & Sundaram ) . For a linear plot of q t versus t 0.5 , k ip and C values can be obtained from the slope and intercept respectively.
When the linear plot passes through the origin then the overall adsorption mechanism is controlled by IPD only (Hameeda & El-Khaiaryb ) ; however the trend is not obtained, indicating that initially uptake is dominated by film diffusion. The effect of boundary layer (C ) is found to increase with induced metal ions concentration from 25 to 75 mg/L. This could be caused by clumping of sorbate particles as the exposed concentration is enriched. The agglomeration of solid support possibly cut off the channels for traversing ions, thus the constant value of 0.08 at lower concentrations increased to 0.15 at the highest concentration (see Table 3 ). 
where α is the initial adsorption rate (mg/g/min) and β is the extent of surface coverage and activation energy for chemisorption. A plot of qt versus ln(t) should yield a linear relationship ( Figure 8 ) with a slope of (1/β) and an intercept of (1/β) ln(αβ). the Elovich model, as well as the IPD model, to be rate limiting (see Table 3 ).
CONCLUSION
The present research is based on understanding the kinetics of egg shell powder as adsorbent for cadmium through chemical activation. The following few basic conclusions may be drawn from the experimental research.
• Biosorption is an important component of an integrated waste management approach for effective remediation of pollutants in wastewater and the developed adsorbent needs no processing.
• Modified biomass presents C ¼ O and O-H as active binding sites in Cd sorption.
• By increasing temperature, sorption of Cd on egg shells was found to be endothermic.
• Kinetics of sorption depicted best fit for Elovich kinetic model followed by IPD.
• Raw as well as modified egg shells can serve as a cost effective and easily available adsorbent. 
